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!3.2. Hypothèses 
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FXQ(CF^D+D!D-%&,$C+D!R! *\-$+! Q,)C/! <+D! N),%$D! *\,*D()I,$C! ($C! *+D! Q)(Q)%GCGD! %*+$C%T-+D! +C! D($C! *%DC)%I-GD!
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3.4. Isotherme d'adsorption 
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C+SQD!=,),=CG)%DC%T-+!!*+!<,!=%$GC%T-+!*+!C),$D[+)C!*+!S,DD+!*+!$(C)+!Q)(I<^S+!+DC!*+!<\()*)+!*+!
<,! S%=)(D+=($*+>! B%$D%/! $(-D! Q(-&($D! =($D%*G)+)! T-+! <+! DXDC^S+! GC-*%G! +DC! e! <\GT-%<%I)+!
CF+)S(*X$,S%T-+!e!C(-C!%$DC,$C>!
3.5. Résultats numériques 
J+!D=FGS,!*+!)GD(<-C%($!D\,QQ-%+!D-)!-$+!SGCF(*+!*\()*)+!9!I,DG+!D-)!-$!D=FGS,!=(SQ,=C!
=+$C)G/!Q)G=%D!+C!DC,I<+!c5d>!J+!DXDC^S+!+DC!*%D=)GC%DG!+$!"::!S,%<<+D!<($N%C-*%$,<+D/!1:!S,%<<+D!
),*%,<+D! *,$D! <+! [<-%*+! +C! 1:! *,$D! <\,*D()I,$C>! B%$D%/! 1:::! GT-,C%($D! D($C! e! )GD(-*)+! Q(-)!
=F,T-+! &,)%,I<+/! D(%C! -$! DXDC^S+! *+! _:::! GT-,C%($D! ,-! C(C,<>! #$+! D(<<%=%C,C%($! PG=F+<($! *+!
C+SQG),C-)+! ,QQ<%T-G! +$! Yr:! R!?K4`ab<*1V! +DC! ,QQ<%T-G+! ,-! DXDC^S+/! *($C! <\GC,C! %$%C%,<! +DC! e!
<\GT-%<%I)+!P?O`%b<*1!+C!:O`cO*:"V>!J\G&(<-C%($!*-!DXDC^S+!+DC!,<()D!GC-*%G+!D-)!-$+![+$oC)+!
C+SQ()+<<+!*+!8!F+-)+D>!J\%$CGN),C%($!*-!DXDC^S+!+DC!)G,<%DG+!Q,)!-$+!SGCF(*+!*+!CXQ+!l+,)!e!
()*)+!+C!Q,D!&,)%,I<+D!c":d>!J,!C(<G),$=+!*-!=,<=-<!+DC!*+!<\()*)+!*+!":
7_
>!J\()*%$,C+-)!-C%<%DG!+DC!
-$!0$C+<!P3V!?()+!P;2V!0M/!?E#!5M4U8>88!lhY/!1>:1!lhY/!"1l(!*+!3B2>!!
J,!)GD(<-C%($!$-SG)%T-+!*+!=+!DXDC^S+!%SQ<%T-+!<\%$CGN),C%($!C+SQ()+<<+!*+!_:::!GT-,C%($D!
*%[[G)+$C%+<<+D!NG$G),$C!*+D!C+SQD!*+!=,<=-<D!=($DGT-+$CD!P"F8:V>!E(-)!Q,<<%+)!=+CC+!*%[[%=-<CG/!
<+D! Q(%*D! )+<,C%[D! *+D! *%[[G)+$CD! SG=,$%DS+D! *+! C),$D[+)C! *+! S,DD+! +C! *+! =F,<+-)! ($C! GCG!
=(SQ,)GD>! ?+Q+$*,$C! <\%SQ()C,$=+! )+<,C%&+! *+! =F,T-+! SG=,$%DS+! *+! C),$D[+)C! $+! Q+)S+C!
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!),%D($$,I<+S+$C! Q,D! *+! Q(-&(%)! D%SQ<%[%+)! QFXD%T-+S+$C! <+D! GT-,C%($D/! *\(s! <\,QQ<%=,C%($!
*\-$+!SGCF(*+!*+!)G*-=C%($>!
4. Décomposition orthogonale aux valeurs Propres 
J,! E`K! +DC! ,QQ<%T-G+! e! $(C)+!S(*^<+! ,[%$! *f,QQ)(.%S+)! <+! DXDC^S+! =)GG! *+! *%S+$D%($!
G<+&G+! $G=+DD%C,$C! -$+! %$CGN),C%($! C+SQ()+<<+! Q,)! -$! ,-C)+! DXDC^S+! *+! *%S+$D%($! $+CC+S+$C!
Q<-D! [,%I<+! c""d>!L<<+!$(-D!Q+)S+C!*($=!*+!*GC+)S%$+)! D%! <+!S(*^<+!+DC! [()C+S+$C! )G*-=C%I<+!
,[%$!*\G&%C+)!<+D!C+SQD!*+!=,<=-<D!Q)(F%I%C%[D>!!
J,! E`K! =($D%DC+! e! =($D%*G)+)! <+D! &,)%,I<+D! =(SS+! -$+! =(SI%$,%D($! <%$G,%)+! *+!S(*+D!
Q)(Q)+D!C!+C!*+!=(+[[%=%+$CD!C+SQ()+<D!"!C(-C!+$!=($D+)&,$C!<+D!=,),=CG)%DC%T-+D!+C!<+!=(-Q<,N+!
*-!S(*^<+!R!
!          
"
/ / !! / / / /
/
:MN $ $
$
> D @ ? > D @ ? > D C > D " @  : ! PkV!
?+CC+!*G=(SQ(D%C%($!+DC!(IC+$-+!e!Q,)C%)!*f-$!+$D+SI<+!*+!*($$G+D!Q)(&+$,$C!D+<($!<+!=,D!
*+!D%S-<,C%($D!$-SG)%T-+D!(-!*f+.QG)%+$=+D>!J+D!S(*+D!Q)(Q)+D!*G[%$%DD+$C!,<()D!-$+!I,D+!*+!
Q)(]+=C%($!()CF(N($,<+! )+Q)GD+$C,C%&+!*+D! )G,<%D,C%($D! <+D!Q<-D!Q)(I,I<+D!+C!(QC%S,<+!,-!D+$D!
G$+)NGC%T-+! c"1d>! #$! [,%I<+! $(SI)+! *+!S(*+D! +DC! ,<()D! D-[[%D,$C! Q(-)! *G=)%)+! =())+=C+S+$C!
<\G&(<-C%($! *X$,S%T-+! *-! DXDC^S+>!B[%$! *+! *GC+)S%$+)! =+! $(SI)+! W! *+!S(*+D! e! =($D+)&+)!
$(-D!,&($D!=($D%*G)G!Q<-D%+-)D!=)%C^)+D!R!! J\G$+)N%+!DC,C%DC%T-+!,-!D+$D!*+!<,!E`K/!G$+)N%+!=-S-<G+!LW!*+D!S(*+D!=($D+)&GD/!*(%C!oC)+!
D-QG)%+-)+!e!55b!+C!<,!*+)$%^)+!&,<+-)!Q)(Q)+!PV!=($D+)&G+!*(%C!oC)+!%$[G)%+-)+!,-!=+$C%^S+!
*+! <,! Q)+S%^)+>! ?($D+)&+)! <+D! 8! Q)+S%+)D! S(*+D! $(-D! ,DD-)+! <+! )+DQ+=C! *+D! 1! =)%C^)+D!
Q)G=G*+$CD!P=[!C,I<+,-!1V>!!
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!J,![%N-)+!8!S($C)+!T-+!8!S(*+D!D+SI<+$C!D-[[%D,$CD!Q(-)!)+=($DC)-%)+!<,!C+SQG),C-)+!*,$D!
<\,*D()I,$C>! L$! +[[+C/! <,! C+SQG),C-)+! GC,$C! =(SQ)%D+! +$C)+! %b<* 1! +C! ab<* 1/! <\G=,)C7CXQ+!
(IC+$-!+$C)+!<+D!C+SQG),C-)+D!)G+<<+!+C!)+=($DC)-%C+!+DC![,%I<+>!E,)!=($C)+/!<,!Q)+DD%($!%$%C%,<+!
+DC!cO* :"/! ($! Q+-C! *($=! *G*-%)+! *+! <,! [%N-)+! 9! T-+! 4!S(*+D! D+SI<+$C! $G=+DD,%)+D! Q(-)!
)+=($DC)-%)+!Q)G=%DGS+$C!<,!Q)+DD%($!*,$D!<\,*D()I,$C>!
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! K,$D! <+! =,*)+! *+! $(C)+! GC-*+/! <\G$+)N%+! DC(=WG+! +DC! <,! N),$*+-)! T-%! %SQ()C+>! B-.! C)(%D!
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D-QQ<GS+$C,%)+>!J\G$+)N%+!L! DC(=WG+!*,$D! <+!S,CG)%,-!+C! <\G=,)C7CXQ+!+L! +$C)+! <+D!G$+)N%+D!
)G+<<+!+C!)+=($DC)-%C+D!D\G=)%&+$C!R!!
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)+=($DC)-=C%($! *+! <\G$+)N%+! DC(=WG+>! E,)! =($DGT-+$C/! Q(-)! T-+! <,! )+=($DC)-=C%($! D(%C!
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!5. Conclusion 
K,$D!=+C!,)C%=<+/!-$!CXQ+!*+!DC(=W,N+!+C!-$!DXDC^S+!C+=F$%T-+!($C!GCG!DG<+=C%($$GD>!J\GC-*+!
*+D! C),$D[+)CD! =(-Q<GD! *+! =F,<+-)! +C! *+! S,DD+! ,-! D+%$! *+! <\,*D()I+-)/! G<GS+$C! =<G! *+! =+!
DXDC^S+/!,!*($$G!<%+-!e!-$!S(*^<+!I%*%S+$D%($$+<>!J\,$,<XD+!*+D!Q(%*D!)+<,C%[D!*+!=F,=-$!*+D!
SG=,$%DS+D!+$C),$C!+$! ]+-!,!S($C)G!T-+!=+!S(*^<+!$+!Q(-&,%C!oC)+!D%SQ<%[%G!QFXD%T-+S+$C>!
J,!E`K!$(-D!,!*($=!Q+)S%D!*+!*GC+)S%$+)!T-+!k!S(*+D!Q(-)!=F,T-+!&,)%,I<+!D-[[%D+$C!Q(-)!
*G=)%)+! <+! =(SQ()C+S+$C! *X$,S%T-+! *+! <\,*D()I+-)! GC-*%G>! @(-D! +$&%D,N+($D! e! Q)GD+$C! *+!
)G*-%)+! <+! S(*^<+! ,[%$! *\+$! [,=%<%C+)! <,! D%S-<,C%($! +C! *\-C%<%D+)! <,! E`K! =(SS+! SGCF(*+!
*\,$,<XD+! QFXD%T-+! *+D! *($$G+D! Q(-)! )G,<%D+)! -$+! GC-*+! ,QQ)([($*%+! *+D! *%[[G)+$CD!
SG=,$%DS+D!*+!C),$D[+)CD!=(-Q<GD!*+!=F,<+-)!+C!*+!S,DD+>!
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